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The frequency-dependent transport through a nano-device containing a large-spin magnetic
molecule is studied theoretically in the Kondo regime. Specifically, the effect of magnetic anisotropy
on dynamical spin accumulation is of primary interest. Such accumulation arises due to finite off-
diagonal in spin components of the dynamical conductance. Here, employing the Kubo formalism
and the numerical renormalization group (NRG) method, we demonstrate that the dynamical trans-
port properties strongly depend on magnetic configuration of the device and intrinsic parameters
of the molecule. Specifically, the effect of dynamical spin accumulation is found to be greatly af-
fected by the type of magnetic anisotropy exhibited by the molecule, and it develops for frequencies
corresponding to the Kondo temperature. For the parallel magnetic configuration of the device,
the presence of dynamical spin accumulation is conditioned by the interplay of ferromagnetic-lead-
induced exchange field and the Kondo correlations.
I. INTRODUCTION
Over the past two decades, nano-devices involving
individual spin impurities strongly tunnel-coupled to
leads have proven to be an excellent test-bed for study-
ing quantum many-body effects in electronic transport,
among which the Kondo effect is one of the most promi-
nent ones [1–3]. In principle, the role of such a spin
impurity can be played by any system that either in-
herently exhibits spin or is capable to accommodate
a single conduction electron, which has been experi-
mentally demonstrated for various nanoscopic structures,
such as, quantum dots [4–7], magnetic adatoms [8–12]
or molecules [13–22]. A proper understanding of the ef-
fect of charge and spin correlations on electronic trans-
port is especially sought for devices based on large-
spin (S > 1/2) impurities. Importantly, such systems
are a suitable platform for applications in emerging tech-
nologies for storage and processing information [23, 24],
whose aim is to utilize magnetic properties of single
atoms [25–27] or molecules [28–31]. The key property
of a large spin to serve as a base for a memory de-
vice is the uniaxial magnetic anisotropy that introduces
an energy barrier for spin reversal [32]. The uniaxial
component of magnetic anisotropy is, however, often ac-
companied by the transverse one [33] that, allowing for
the under-barrier transitions [34], has the parasitic ef-
fect on the spin stability. In the stationary transport
regime, the interplay between the Kondo correlations and
the magnetic anisotropy of a spin impurity has been pre-
dicted to significantly affect transport characteristics of
a device. Specifically, this interplay leads to a number
of spectroscopic features ranging from the current sup-
pression due to the spin reversal barrier [35–38] to some
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more intricate, Berry’s phase-related effects originating
from the quantum tunneling of spin [39–45].
In the present paper, on the other hand, we address
the dynamical aspect of spin-dependent transport
through magnetic molecules in the Kondo regime.
Whereas this problem has been studied for spin one-half
impurities [46–55], it has only recently attracted some
attention in the context of large-spin impurities [56].
In general, by analyzing the dynamical response of a sys-
tem to an external time-dependent bias one obtains a di-
rect access to the fluctuations in the system, which is en-
sured by the fluctuation-dissipation theorem [57] linking
the dynamical conductance of the system with its noise
power spectral density.
Here, we specifically focus on the influence of mag-
netic anisotropy on the effect of dynamical spin accu-
mulation, which can be attributed to the non-zero off-
diagonal in spin component of frequency-dependent con-
ductance [48, 50]. The physical meaning of such accu-
mulation can be better understood if one imagines that
it actually corresponds to the situation when, for in-
stance, one injects electrons of given spin orientation
but detects the current of opposite spin direction. For
this purpose, we consider a magnetic molecule as an ex-
emplar of a large-spin impurity. Formed by a single
conducting orbital exchange-coupled to an anisotropic
magnetic core, such a model of a molecule captures
effects both due to charging and magnetic anisotropy.
The dynamical linear-response transport characteristics
of the system are obtained using a combination of the
Kubo approach [56, 57] and the numerical renormaliza-
tion group (NRG) method [58, 59].
We show that the effect of dynamical spin accumu-
lation strongly depends on the intrinsic parameters of
the molecule and the magnetic configuration of the de-
vice. For the antiparallel magnetic configuration and
in the case of an easy-axis type of uniaxial magnetic
anisotropy, the spin accumulation becomes generally sup-
pressed, however, it can be restored if a transverse
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Figure 1. Schematic depiction of a large-spin magnetic mole-
cule embedded in a magnetic tunnel junction. For a detailed
description of the model system see Sec. II.
anisotropy component is also present. This is contrary to
the case of an easy-plane type of anisotropy, where a pro-
nounced dynamical spin accumulation can develop both
in the absence and presence of transverse anisotropy.
For all considered cases, we find that a local maximum
in the dynamical spin accumulation emerges for energy
scale corresponding to the Kondo temperature, with the
height dependent on the strength of Kondo correlations.
Furthermore, for the parallel magnetic configuration of
the device, we demonstrate that the presence and mag-
nitude of dynamical spin accumulation is conditioned
by the interplay of ferromagnetic-lead proximity-induced
quadrupolar exchange field and the correlations respon-
sible for the formation of the Kondo effect.
The paper is organized as follows: In Sec. II an ac-
count of basic premises and assumptions of the model
is provided, while in Sec. III the theoretical framework
used in calculations of the dynamical conductance is out-
lined. Numerical results are discussed in Sec. IV, which
begins with a detailed review of energy reference scales
and model parameters (Sec. IV A). The analysis of the re-
sults we start for an anisotropic molecule, and next, we
include stepwise the uniaxial (Sec. IV B 1) and trans-
verse (Sec. IV B 2) component of magnetic anisotropy
into the picture. The effects of the spin polarization
and magnetic configuration of electrodes are discussed
in Sec. IV C and Sec. IV D, respectively. In Sec. IV E
the transport behavior in the case of the antiferromag-
netic coupling between the molecule’s core spin and
the orbital level is discussed. Finally, the main conclu-
sions are presented in Sec. V
II. MODEL SYSTEM
In order to study the effect of dynamical spin accu-
mulation in the case of a large-spin impurity, we employ
here the model system that consists of a large-spin mag-
netic molecule embedded in the magnetic tunnel junc-
tion, see Fig. 1. Specifically, the magnetic molecule is
represented as a large internal spin Sˆ (referred to also
as magnetic core), with S > 1/2, coupled via exchange
interaction J to a single orbital level (OL). It is as-
sumed that the molecule is tunnel-coupled to ferromag-
netic electrodes of the junctions only through the OL,
which essentially means that transport of electrons across
the junction takes place exclusively through this orbital
[60, 61]. Moreover, spin-dependent electron tunneling
processes between the OL and electrodes lead to broad-
ening of the former, and this broadening is described
by the spin-dependent hybridization function Γqσ with
q = L(eft), R(ight).
The full Hamiltonian Hˆtotal characterizing the system
under consideration has the following form
Hˆtotal = HˆOL + Hˆcore + HˆOL-core + Hˆel + Hˆtun. (1)
Here, the first three terms are related to the magnetic
molecule. In particular, HˆOL accounts for the key prop-
erties of the conducting OL and it reads as
HˆOL = ε
∑
σ
nˆσ + Unˆ↑nˆ↓, (2)
with the first term representing the contribution due to
occupation of the OL by an electron of spin σ and en-
ergy ε, and the second term including the Coulomb inter-
action U that arises in the situation when two electrons
of opposite spins reside in the OL. The relevant occupa-
tion operator nˆσ = cˆ
†
σ cˆσ is defined in terms of electron
creation (cˆ†σ) and annihilation (cˆσ) operators for the OL.
We note that application of a voltage to the gate elec-
trode allows for tuning the OL energy ε. Furthermore,
the second term of Hamiltonian (1) describes magnetic
anisotropy of the molecule’s magnetic core within the
giant-spin approach [32],
Hˆcore = −DSˆ2z + E
(
Sˆ2x − Sˆ2y
)
, (3)
with D and E denoting the uniaxial and transverse mag-
netic anisotropy constants, respectively. Finally, the ex-
change interaction between the magnetic core effective
spin Sˆ and the spin of a single electron occupying the or-
bital sˆ = (1/2)
∑
σσ′ σˆσσ′ cˆ
†
σ cˆσ′ , where σˆ ≡ (σˆx, σˆy, σˆz)
stands for the Pauli spin operator, is given by
HˆOL-core = −J sˆ · Sˆ, (4)
with the J-coupling being ferromagnetic (FM) for J > 0
and antiferromagnetic (AFM) for J < 0.
Ferromagnetic electrodes of the junction are approxi-
mated as reservoirs of non-interacting and spin-polarized
electrons and described by the Hamiltonian
Hˆel =
∑
qσ
∫ W
−W
d  aˆq†σ ()aˆ
q
σ(), (5)
where aˆq†σ ()
[
aˆqσ()
]
is the operator responsible for cre-
ation [annihilation] of a spin-σ electron in the qth elec-
trode, and W denotes the conduction band half-width.
3Moreover, only the case of a collinear relative orientation
of the spin moments of electrodes, that is, the parallel (P)
and antiparallel (AP) magnetic configuration, is consid-
ered. It is also assumed that the orientation of these
spin moments is collinear with the principal axis of the
molecule corresponding to the uniaxial component of its
magnetic anisotropy.
Ultimately, the single electron tunneling processes be-
tween the OL and electrodes are captured by the last
term of Hamiltonian (1),
Hˆtun =
∑
qσ
√
Γqσ
pi
∫ W
−W
d
[
aˆq†σ ()cˆσ + cˆ
†
σaˆ
q
σ()
]
. (6)
Let us introduce the total broadening Γq = Γq↑ + Γ
q
↓ of
the OL due to its tunnel-coupling to the qth electrode,
and define the spin polarization coefficient for the qth
electrode as pq =
(
Γq↑ − Γq↓
)
/
(
Γq↑ + Γ
q
↓
)
. Next, assuming
that both electrodes are made of the same material (pL =
pR ≡ p) and that the OL is tunnel-coupled symmetrically
to both electrodes (ΓL = ΓR ≡ Γ), one can parametrize
the hybridization functions as follows: ΓL↑(↓) = Γ
R
↑(↓) =
(Γ/2)(1± p) for the parallel magnetic configuration, and
ΓL↑(↓) = Γ
R
↓(↑) = (Γ/2)(1± p) for the antiparallel one.
III. DYNAMICAL SYSTEM RESPONSE
Since the main goal is to analyze the effect of dy-
namical spin accumulation, below we outline a deriva-
tion of the frequency-dependent conductance (admit-
tance) in terms of relevant spectral functions. In the
next step, these functions will be calculated with the help
of the Wilson’s numerical renormalization group (NRG)
method [58, 59, 62, 63].
To begin with, let us assume that an external bias volt-
age V L(R)(t) modulated periodically in time is applied
to the ferromagnetic electrodes. To take into account
the effect of such a time-dependent bias, the full Hamil-
tonian (1) of the system becomes modified by adding a
new term [47, 48, 51, 56],
Hˆbias =
∑
qσ
QˆqσV
q(t), (7)
with the operator Qˆqσ describing the spin-σ component
of charge induced in the qth electrode defined as
Qˆqσ = −|e|
∫ W
−W
d aˆq†σ ()aˆ
q
σ(). (8)
To calculate the current flowing through the system of
a large-spin magnetic molecule, we use the Kubo formula
Iq(t) ≡ 〈Iˆq(t)〉 =
∑
q′σσ′
∫
dt′ Gqq′σσ′(t− t′)V q
′
(t′), (9)
where Gqq′σσ′(t− t′) stands for the time-dependent conduc-
tance and takes the following form
Gqq′σσ′(t− t′) = −
i
~
θ(t− t′)〈[Iˆqσ(t), Qˆq′σ′(t′)]〉, (10)
with the current, Iˆqσ(t) = dQˆ
q
σ(t)/dt, and charge, Qˆ
q′
σ′(t
′),
operators given in the interaction picture, and 〈. . .〉
denoting the quantum-statistical average. Next, after
Fourier-transforming Eq. (10) and performing laborious,
albeit straightforward calculations, one can find a gen-
eral expression for the frequency-dependent (dynami-
cal) conductance Gqq′σσ′(ω) —for a detailed derivation see,
e.g., Ref. [56]. At this point, let us focus on the cur-
rent response IR(ω) in the right electrode, and use that
this current is invariant under an overall potential shift
by −V R(ω), which yields
IR(ω) =
∑
σσ′
GRLσσ′(ω)
[
V L(ω)− V R(ω)]. (11)
Thus, taking into consideration only the real part of
the right-left component of the dynamical conductance,
Gc(ω) ≡ ∑σσ′ [ReGRLσσ′(ω)]c, for the parallel (c = P)
and antiparallel (c = AP) magnetic configuration of the
junction one obtains
Gc(ω) =
∑
σσ′
Gcσσ′(ω), (12)
with the spin-resolved components Gcσσ′(ω) of the form
Gcσσ′(ω) =
G0
2
αcσ
{
δσσ′
[
gOLσ (ω)]
c
+
1
2
βcσσ′
[
gIσσ′(ω)
]c}
. (13)
The factors αcσ and β
c
σσ′ in the equation above depend
only on the magnetic configuration and the spin polar-
ization coefficient p of electrodes,
αPσ = 1 + ησp and α
AP
σ = 1− p2, (14)
with η↑(↓) = ±1,
βPσσ′ =
√
1 + ησ′p
1 + ησp
and βAPσσ′ =
1 + ησp
1 + ησ′p
. (15)
Furthermore, in Eq. (13), G0 ≡ 2e2/h is the conduc-
tance quantum, while gOLσ (ω) and g
I
σσ′(ω) represent two
different (dimensionless) contributions to the conduc-
tance [48],
gOLσ (ω) =
1
2ω
∫
dω′
AOLσ (ω′)
A0
[
f(ω′−ω)−f(ω′+ω)], (16)
and
gIσσ′(ω) = −
1
ω
· A
I
σσ′(ω)
~ρA0 .
(17)
4Importantly, the physical origin of each of these contri-
butions can be deduced from analysis of the two spectral
functions AOLσ (ω) and AIσσ′(ω) occurring in Eqs. (16)
and (17), respectively. In particular, the former spec-
tral function describes the orbital level (OL), and it is
defined as
AOLσ (ω) ≡ −
1
pi
Im〈〈cσ|c†σ〉〉rω. (18)
The latter, on the other hand, is given by
AIσσ′(ω) ≡ −
1
pi
Im〈〈Iˆσ|Iˆ†σ′〉〉rω, (19)
and this spectral function is associated with the dimen-
sionless current operator
Iˆσ ≡ cˆ†σΨˆσ − Ψˆ†σ cˆσ. (20)
Here, the field operator Ψˆσ corresponds essentially to the
even linear combination of electrode operators,
Ψˆσ =
√
ρ
∫
d
[
ΛLσ aˆ
L
σ () + Λ
R
σ aˆ
R
σ ()
]
(21)
with Λqσ =
√
Γqσ/(ΓLσ + Γ
R
σ ) and ρ = 1/(2W ) being the
density of states of a conduction band. Finally, the scal-
ing factor A0 = 1/(piΓ) in Eqs. (16)-(17) denotes the
spectral function of a single-level quantum dot (or in
other words, that of the OL disconnected from the inter-
nal spin, J = 0) at ω = 0 and for nonmagnetic electrodes.
The function f(ω) in Eq. (16) is the Fermi-Dirac distri-
bution, f(ω) =
{
1+exp[~ω/kBT ]
}−1
, with T being tem-
perature and kB standing for the Boltzmann constant.
At this point, we would like to emphasize that one
of the main quantities of interest in this paper is associ-
ated with the off-diagonal in spin components of the spin-
resolved dynamical conductance. In particular, Gc↑↓(ω)
and Gc↓↑(ω) take into account the spin correlations be-
tween the spin-up and spin-down channels and their fi-
nite values can be associated with the effect of dynamical
spin accumulation that can build up in the molecule at
finite driving frequencies ω [48, 50].
As one can see from Eqs. (13) and (16)-(17), in or-
der to calculate the spin-resolved components Gcσσ′(ω)
of the dynamical conductance, one needs to know first
the spectral functions: AOLσ (ω), Eq. (18), and AIσσ′(ω),
Eq. (19). In the present work, these functions are de-
rived using the NRG method [58, 59, 62, 63]. The idea
of NRG is based on the logarithmic discretization of the
conduction band with the discretization parameter Λ. In
the next step, such a discretized model is mapped onto
a semi-infinite chain with exponentially decaying hop-
pings. Importantly, the first site of semi-infinite chain
is coupled to a spin impurity. To obtain the follow-
ing results, we used the discretization parameter Λ = 2,
and we kept Nk = 2560 states during calculations. The
high accuracy of calculations was achieved by averag-
ing the spectral data over Nz = 4 different discretization
meshes [64]. Moreover, when discussing the behavior
of the conductance in the zero-frequency limit, we will
present the data obtained from the full density-matrix
NRG approach [62, 65] by assuming T/W = 10−12, which
is much smaller than the other energy scales considered
throughout this paper.
IV. NUMERICAL RESULTS AND DISCUSSION
The main goal of this paper is to investigate the effect
of dynamical spin accumulation in large-spin magnetic
molecules, and in particular, to discuss how this effect is
affected when the molecular spin is subject to magnetic
anisotropy. For this purpose, we consider the model of
a magnetic molecule introduced in Sec. II with the mag-
netic core characterized by spin S = 2. To conduct a
systematic analysis of the problem, and to understand
how the dynamical spin accumulation manifests itself in
frequency-dependent transport characteristics, first we
will address the simplest example of a spin-isotropic
molecule (D = 0 and E = 0). Next, we will discuss in
Sec. IV B 1 how dynamical spin accumulation changes
when the uniaxial component of magnetic anisotropy be-
comes gradually involved (D 6= 0 and E = 0). Finally,
also the transverse component (D 6= 0 and E 6= 0) will
be included in Sec. IV B 2 to establish the complete pic-
ture of the problem.
A. Energy reference scales and model parameters
In the regime of strong tunnel coupling of a molecule
to electrodes, which is of key interest here, transport
properties of the system are determined by strong charge
and spin correlations. As a result, one can generally ex-
pect the Kondo effect to play a dominant role as soon as
the OL is occupied by a single electron and temperature
is lower than some characteristic energy scale, referred to
as the Kondo temperature TK [2]. In general, TK can de-
pend on different parameters of a system under consider-
ation. For instance, in the case of a single-level quantum
dot (the Anderson impurity) attached to ferromagnetic
electrodes TK, in the vicinity of the particle-hole symme-
try point (ε/U ≈ −0.5), is determined by the Coulomb
interaction U , the broadening of the level Γ and the spin
polarization of electrodes p [66, 67]. On the other hand,
in large-spin systems the Kondo temperature can be ad-
ditionally affected by other parameters of the model, such
as, the spin length S or magnetic anisotropy constants D
and E [35, 39, 40, 44]. Thus, in the following calculations
we use the Kondo temperature TK for a bare OL (J = 0)
tunnel-coupled to nonmagnetic electrodes (p = 0), given
in energy units (kB ≡ 1), as a consistent energy reference
scale insensitive to magnetic properties of the molecule.
Such a choice of TK corresponds in fact to the Kondo
temperature of a single-level quantum dot, and hence-
forth we will refer to this temperature as T 0K. Specifically,
5the temperature dependence of zero-frequency normal-
ized linear conductance G(ω = 0, T )/G(ω = 0, T = 0)
at the particle-hole symmetry point (ε/U = −0.5) is
used for estimation of T 0K from the following condi-
tion G(ω = 0, T = T 0K)/G(ω = 0, T = 0) = 1/2.
In this paper, all the results are obtained for T = 0.
With regard to the magnetic configuration of the junc-
tion, the main discussion is carried out for the case of the
antiparallel orientation of spin moments in electrodes. In
such a configuration the effective spintronic dipolar [67]
and quadrupolar [68] exchange fields are generally absent,
which allows us to analyze how the dynamical spin accu-
mulation is affected exclusively by the intrinsic molecular
magnetic anisotropy. Later on, we will also include the
spintronic contribution to magnetic anisotropy by switch-
ing the junction into the parallel magnetic configuration.
Note that throughout the paper a molecule is assumed
to be electrostatically tuned via a gate electrode to the
particle-hole symmetric point ε/U = −0.5, so that in the
parallel magnetic configuration the dipolar exchange field
does not arise [37]. In this way, we can consistently ex-
clude any effects stemming from the presence of a mag-
netic field, either real or effective, which are not the sub-
ject of the present analysis.
Moreover, the Coulomb energy is chosen U/W = 0.4,
with the half-width of conduction band W serving here
as the energy unit (that is, W ≡ 1), whereas the mag-
nitude of the constant J describing the exchange cou-
pling between the OL and the electrodes is taken to be
|J |/W = 0.0045. Depending on whether J is positive or
negative, one can expect either the underscreened [69–72]
or two-stage [73–75] Kondo effect, respectively, to arise
in the system [76]. Here, we focus on the case of J > 0,
that is, on the ferromagnetic type of the J-coupling, and
the key differences occurring for the antiferromagnetic
coupling (J < 0) will be addressed only at the end, in
Sec. IV E. Finally, the broadening of the OL due to tun-
neling of electrons to/from external electrodes is assumed
to be Γ/U = 0.1, while the spin polarization of electrodes
is p = 0.5, unless stated otherwise. Consequently, for the
parameters assumed above one finds the reference Kondo
temperature to be T 0K/W = 0.002.
B. The effect of magnetic anisotropy on the
dynamical spin accumulation
Before we proceed to a discussion of how the dy-
namical spin accumulation is affected by the presence
of magnetic anisotropy, it may be instructive to focus
first briefly on frequency-dependence transport features
of a spin-isotropic molecule1. This case is illustrated
1 Note that in order to enable qualitative comparison of the present
results with the previous studies for a single-level quantum dot
(QD) [47, 50, 51], in Fig. 2 dotted lines representing the latter
with the solid line in Fig. 2, where the dynamical con-
ductance GAP(ω) for the antiparallel magnetic config-
uration of the junction is shown as a function of fre-
quency ω. Since GAP(ω) can be in general resolved into
four spin components GAPσσ′(ω), see Eq. (12), in Fig. 2
apart from the total conductance GAP(ω) [plotted in
(a,e)] we also present the spin-diagonal GAPσσ (ω) [in (b,f)]
and off-diagonal GAPσσ (ω) [in (c,g)] contributions, with the
notation σ to be read as ↑ ≡ ↓ and ↓ ≡ ↑. In particular,
here only the components for σ = ↑ are shown, because
in the antiparallel magnetic configuration the following
symmetries hold:2
GAP↑↑ (ω)=G
AP
↓↓ (ω) and G
AP
↓↑ (ω)=
(1−p)2
(1+p)2
GAP↑↓ (ω).
Moreover, since the dynamical spin accumulation essen-
tially leads to enhancement of imbalance in the number
of electrons with opposite spin orientations transferred
across the junction via a molecule, we introduce here the
frequency-dependent parameter P(ω) characterizing the
spin polarization of the current injected into a drain elec-
trode defined as:
P(ω) ≡ I↑(ω)− I↓(ω)
I↑(ω) + I↓(ω)
. (22)
In the situation under consideration, the role of a drain
is played by the right electrode, Iσ(ω) ≡ IRσ (ω), Eq. (11),
and Iσ(ω) ∝ Gσσ(ω) +Gσσ(ω), so that
P(ω) = P0(ω) + Pdsa(ω). (23)
Importantly, the current spin polarization parameter
P(ω) consists of two terms: the first representing the
diagonal in spin contribution to the conductance,
P0(ω) = G↑↑(ω)−G↓↓(ω)∑
σσ′ Gσσ′(ω)
, (24)
and the second arising exclusively due to the dynamical
spin accumulation,
Pdsa(ω) = G↑↓(ω)−G↓↑(ω)∑
σσ′ Gσσ′(ω)
, (25)
case have been added. However, in the main text we do not
discuss this case.
2 The origin of the two symmetries can be explained by noting that
the tunnel-coupling of a molecule to two electrodes, Eq. (6), can
be effectively reduced to a single channel problem by applying
an appropriate unitary transformation [77]. Interestingly, in the
case of antiparallel magnetic configuration of the junction the
new effective spin-dependent tunnel coupling becomes actually
independent of the spin polarization p of electrodes. As a re-
sult, calculations of the spectral functions AOLσ (ω), Eq. (18), and
AI
σσ′ (ω), Eq. (19), proceed as if electrodes were nonmagnetic, so
that eventually the values of these functions do not depend on
spin indices.
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Figure 2. The effect of the uniaxial component of
magnetic anisotropy (D 6= 0 and E = 0) on the frequency-
dependent conductance of a large-spin magnetic molecule
shown for the FM J-coupling and the junction in the antipar-
allel (AP) magnetic configuration. Left [right ] column corre-
sponds to the molecule exhibiting the easy-axis (D > 0) [easy-
plane (D < 0)] type of magnetic anisotropy. Bottom pan-
els (d,h) present the current spin polarization PAP(ω) which
arises here solely due to the dynamical spin accumulation,
i.e., PAP(ω) = PAPdsa(ω), Eq. (25). The solid lines represent
the case of a spin-isotropic molecule, while the thin dotted
lines are for a single-level quantum dot (QD), i.e., for J = 0.
The vertical dashed lines indicate the corresponding excita-
tion energies, for details see the main text. The scaling fac-
tor G0 stands for the conductance quantum. For a discussion
of parameters assumed in calculations see Sec. IV A.
which vanishes in the limit of ω → 0 [50]. Recall
that the spin-resolved components Gσσ′(ω) of conduc-
tance are given by Eq. (13). One can, thus, imme-
diately conclude that in the antiparallel magnetic con-
figuration PAP0 (ω) = 0, and consequently, no spin po-
larization of the current occurs in the stationary case,
PAP(ω = 0) = 0, whereas for finite-frequency transport
PAP(ω) = PAPdsa(ω) —namely, the spin polarization of
the current is here a purely dynamical effect.
First of all, we recall that the conductance of a
spin-isotropic system in the zero-frequency limit ap-
proaches limω→0GAP(ω) = (1− p2)G0, and GAP(ω = 0)
consists solely of the diagonal-in-spin components,
that is, GAP(ω = 0) =
∑
σ G
AP
σσ (ω = 0), with the off-
diagonal components being identically equal to zero,
GAPσσ (ω = 0) = 0. As the driving frequency ω gets
larger, one observes a monotonic decrease in GAP(ω), see
Fig. 2(a). However, a closer examination of spin compo-
nents of the conductance reveals that whereas GAP↑↑ (ω)
decreases in value as well, GAP↑↓ (ω) actually follows the
opposite trend and exhibit a maximum. The broad max-
imum in GAP↑↓ (ω) appears approximately at the frequency
corresponding to the Kondo temperature TK [56]. As one
may notice, here TK  T 0K, which stems from the fact
that TK becomes suppressed with the increase of J [76].
Such a finite-frequency feature in the off-diagonal in spin
components of GAP(ω) is a hallmark of the dynamical
spin accumulation occurring in the system. Moreover,
unlike GAP↑↓ (ω), the spin polarization PAP(ω) of the cur-
rent increases monotonically with ω until ω ≈ T 0K, where
a local maximum occurs, see Fig. 2(d).
On the other hand, in the limit of large frequen-
cies, ω & T 0K, one can already point out that the ef-
fect of magnetic anisotropy is expected to be negligi-
ble (if |D| < T 0K). This stems from the fact that by
further raising frequency ω, one in fact increases the
amount of energy pumped into the system. As a re-
sult, excitations between states belonging to the two
spin multiplets S + 1/2 and S − 1/2, arising due to
the J-coupling, take place, and they are observed as
a small resonance in GAP(ω) at frequency ω ≈ J , indi-
cated by the arrow in Fig. 2(a). Interestingly, such res-
onant transitions enhance the diagonal-in-spin conduc-
tance, Fig. 2(b), whereas they have a detrimental effect
on the dynamical spin accumulation, leading to a local
minimum in GAP↑↓ (ω), Fig. 2(c), and consequently, also
in the current spin polarization PAP(ω), Fig. 2(d). Fi-
nally, with the further increase of ω one expects that
excitations related to the Coulomb interaction should be-
come the key factor determining the behavior of conduc-
tance [51, 56]. Since the purpose of the present work is to
study the effects due to magnetic anisotropy, which take
place at frequencies corresponding to energy scales set by
magnetic anisotropy constants D and E, Eq. (3), such a
large-frequency regime (ω ≈ U) is not relevant and, thus,
it will not be considered here.
1. Uniaxial magnetic anisotropy
The situation changes when the molecular spin starts
energetically preferring some specific spatial orienta-
tion(s), which essentially means that the spin is sub-
7ject to magnetic anisotropy described generally by the
Hamiltonian (3). Let us first analyze the case when such
a preferable orientation of the spin is related to a spe-
cific axis, customarily associated with the z quantiza-
tion axis, see Fig. 1, and represented by the term −DSˆ2z
in Eq. (3). One can immediately see that depending
on the sign of the uniaxial magnetic anisotropy con-
stant D, the energy of the system becomes minimized if
the molecular spin is oriented either along (for D > 0)
or perpendicular to (for D < 0) the z axis. The for-
mer case is often referred to as the ‘easy-axis’ type of
magnetic anisotropy, while the latter one as the ‘easy-
plane’ type. For systems characterized by a half-integer
large spin (S > 1/2), as the one considered here, it is a
known, experimentally observed fact that their Kondo-
dominated zero-frequency linear current response re-
mains unaffected by the uniaxial magnetic anisotropy
if D < 0 [10, 11, 78, 79], whereas for D > 0 the trans-
port becomes suppressed [18, 19, 22, 80].
The dynamical conductance for the case of uniaxial
magnetic anisotropy of the easy-axis type (D > 0) is pre-
sented in the left column of Fig. 2. Several distinctive
features in GAP(ω) that evolve with the increase of D
can be immediately spotted in Fig. 2(a). To begin with,
the zero-frequency conductance GAP(ω = 0) becomes re-
duced and GAP(ω) remains frequency-independent as ω
grows. Once the frequency reaches ω ≈ D, a small
peak forms, and for even larger values of ω the conduc-
tance gets diminished. Comparing the diagonal-in-spin
component GAP↑↑ (ω) in Fig. 2(b) with the off-diagonal
one GAP↑↓ (ω) in Fig. 2(c), one can conclude that the en-
hancement of the conductance at ω ≈ D can be fully at-
tributed to the effect of the dynamical spin accumulation.
Importantly, it can be noticed that, unlike in the spin-
isotropic case where the spin accumulation, PAP(ω) 6= 0,
persists over a wide range of frequencies, now the effect
arises only above some threshold frequency ω∗. More-
over, for ω & ω∗ the diagonal component GAP↑↑ (ω) de-
creases monotonically (until ω ≈ T 0K), whereas GAP↑↓ (ω)
first builds up rapidly and then changes only insignifi-
cantly up to the limit of ω & T 0K. As a result, the cur-
rent spin polarization PAP(ω), similarly as in the spin-
isotropic case, increases steadily for larger and lager ω,
though the achievable values of PAP(ω) are appreciably
smaller than for a spin-isotropic molecule.
The presence of the threshold frequency ω∗ above
which the dynamical spin accumulation takes place
can be understood by considering the mechanism un-
derlying the spin-exchange (Kondo) processes respon-
sible for flipping the spin orientation of an electron
in the molecular OL. To gain an intuitive picture
of such processes, it is instructive to analyze the
eigenstates of a free-standing molecule, described by
the Hamiltonian Hˆmol = HˆOL + Hˆcore + HˆOL-core, see
Eqs. (2)-(4), which participate in transport. Since
the results are obtained at T = 0, it suffices to con-
sider only the states of lowest energy. For J > 0,
the ground state doublet of the S+1/2 spin multiplet has
the form |Stotz = ±5/2〉 ≡ | ± 1/2〉OL ⊗ | ± 2〉core, with
|sz(Sz)〉OL(core) denoting the spin state of the OL (mag-
netic core). Because the spin-exchange processes, oc-
curring in the OL due to its strong hybridization to
electrodes, can just lead to flipping of the OL spin,
| − 1/2〉OL↔|1/2〉OL, without affecting the state of the
internal spin |Sz〉core, no direct transitions between the
doublet ground states are possible. In fact, any pair
of molecular states |Stotz,1〉 and |Stotz,2〉 can support the
spin-exchange processes due to tunneling of electrons
only if |Stotz,1 − Stotz,2 | = 1, which basically stems from
the fact that angular momentum exchanged between
the tunneling current and the molecule has to be con-
served. It means that the only allowed transitions
from the states |Stotz = −5/2〉 and |Stotz = 5/2〉 can be
those to the first excited doublet states3 |Stotz = −3/2〉
and |Stotz = 3/2〉, respectively. Importantly, these states
are separated from the ground state doublet by an en-
ergy gap ∆. As a result, the spin exchange processes,
which underlie the dynamical spin accumulation, be-
come active if the energy pumped into the molecule
by means of periodic driving external potential sat-
isfies the condition ω & ω∗D>0 ≈ ∆. In the limit of
D  J and at the particle-hole symmetry point (ε/U =
−0.5), one can thus estimate [38]: ω∗D>0 ≈ KSD with
KS = 2S(2S − 1)/(2S + 1). Those excitation energies
are marked in left column of Fig. 2 with vertical dashed
lines. As can be seen, the agreement between this esti-
mate and numerical data is quite satisfactory. It proves
that the dynamical spin accumulation builds up in the
molecule for frequencies ω & ω∗D>0.
The picture developed above changes significantly if
a molecule is characterized by the uniaxial magnetic
anisotropy of the easy-plane type (D < 0), see the right
column of Fig. 2. In particular, the major difference is
that in such a situation at frequencies ω . D the conduc-
tance GAP(ω) [see Fig. 2(e)] always reaches the limit of
unitary transport, that is, GAP(ω) = (1− p2)G0, which
is a signature of the Kondo effect. It is clear from
Figs. 2(f)-(g) that this effect is not related to the dynam-
ical spin accumulation, as at low frequencies (ω  D)
transport is fully determined only by the conductance
components diagonal in spin, GAP(ω) ≈∑σ GAPσσ (ω).
Furthermore, it can be noticed that the components off-
diagonal in spin are now characterized by smaller thresh-
old frequencies ω∗, and that their magnitudes are larger,
compare Fig. 2(g) with Fig. 2(c). This, in turn, af-
fects values of the current spin polarization PAP(ω),
which in the present case exceed those for a spin-isotropic
molecule, see Fig. 2(h). However, in other respects,
the behavior of the relevant quantities under discussion,
shown in Figs. 2(e)-(h), qualitatively resembles that ob-
3 Note that the states |Stotz = ±3/2〉 constituting the first excited
doublet of the S + 1/2 spin multiplet have the from of a linear
combination of the following states:
{| ± 1/2〉OL ⊗ | ± 1〉core,
| ∓ 1/2〉OL ⊗ | ± 2〉core
}
.
8served for D > 0.
To understand the origin of the Kondo effect re-
vival we again invoke the spectrum of a free-standing
molecule. Since the molecular spin is character-
ized by the uniaxial magnetic anisotropy of the easy-
plane type, it means that the ground state dou-
blet of the S + 1/2 spin multiplet is formed by
the states with the lowest Stotz component, namely,
|Stotz = ±1/2〉. These states arise as superpositions
of states
{| ± 1/2〉OL ⊗ |0〉core, | ∓ 1/2〉OL ⊗ | ± 1〉core},
from which it is clear that the ground state doublet
can now support the electron spin exchange processes
in the OL —the mechanism underlying the Kondo effect.
The effective exchange interaction between the molecule
and the leads is conditioned by the excitation energies be-
tween the ground state doublet and the empty and fully-
occupied orbital-level molecular states, which basically
depends on all model parameters in a nontrivial fashion.
Consequently, it is a tedious task to provide a simple an-
alytical formula for the energy scale ω∗. Instead, let us
just conclude from the inspection of frequency-dependent
transport characteristics shown in the right column of
Fig. 2 that the Kondo temperature is of the order of the
magnetic anisotropy constant, TK ∼ |D|, while the en-
ergy scale ω∗D<0 is slightly smaller than TK and grows
linearly with |D|. This behavior can be clearly seen in
the dynamical spin accumulation shown in Fig. 2(g). The
onset of GAP↑↓ (ω) moves to larger frequencies with increas-
ing |D| and in the limit of very large magnetic anisotropy
the system’s dynamical behavior approaches the quan-
tum dot case, indicated by the thin dotted line.
From the above discussion one can already formulate
some more universal statements concerning the behav-
ior of the dynamical spin accumulation. It is clear that
this effect is most effective when the spin-exchange pro-
cesses are relevant. This happens for frequencies corre-
sponding to the energy scale responsible for the forma-
tion of the Kondo state. Thus, one can observe that
the maximum in GAPσσ (ω) develops for some resonant fre-
quency ωr, which is of the order of the Kondo temper-
ature, ωr ≈ TK. On the other hand, the width of this
maximum depends strongly on the frequency range of
the slope when the conductance as a function of ω in-
creases due to the Kondo effect —note that we discuss
the behavior on logarithmic scale. This is why a broad
maximum can be observed for spin-isotropic molecules,
while for finite magnetic anisotropy the frequency range
of enhanced spin accumulation is much reduced. When
the conductance GAP(ω) reaches a plateau with lower-
ing ω, the spin-flip processes become quenched and a
many-body delocalized screened-spin state is formed be-
tween the molecule’s spin and the spins of conduction
electrons. The electrons, when tunneling through the
junction, experience then only a phase shift and spin-
flip processes are suppressed [2]. As a consequence, the
off-diagonal components of frequency-dependent conduc-
tance get suppressed and the effect of dynamical spin ac-
cumulation disappears. The energy scale when this hap-
pens is, in turn, described by ω∗, which corresponds to
the onset of dynamical spin accumulation with increasing
the driving frequency ω.
As far as the height of the maximum in GAPσσ (ω) is
concerned, one can see that if the value of zero-frequency
conductance is smaller than its maximum value, which
effectively means that the Kondo effect cannot fully de-
velop in the system, the magnitude of GAPσσ (ω) gets re-
duced. This can be especially seen for the easy-axis type
of magnetic anisotropy presented in the left column of
Fig. 2. On the other hand, for magnetic molecules with
anisotropy of the easy-plane type, the ground state is al-
ways a spin doublet, so that at low frequencies the Kondo
effect can fully develop and, consequently, while the po-
sition of maximum in GAPσσ (ω) depends on D, its maxi-
mum value does not. In fact, the maximum value of the
dynamical spin accumulation is then comparable to the
quantum dot case, see the right column of Fig. 2.
2. Uniaxial and transverse magnetic anisotropy
The uniaxial component of magnetic anisotropy along
the z axis is often accompanied by the transverse one, de-
scribed by the term E
(
Sˆ2x− Sˆ2y
)
in Eq. (3). In essence, it
captures the effect of breaking the rotational symmetry
around the z axis, which, in other words, means that
the internal spin has a tendency to align along some
directions with respect to the plane perpendicular to
the z axis. In particular, for E > 0 the energy of the spin
is minimized if it is oriented along the y axis. The signif-
icance of this transverse term of magnetic anisotropy lies
in the fact that such a term leads to mixing of the axial
spin states |Sz〉core, which can be easily seen if one intro-
duces in Eq. (3) the ladder operators Sˆ± ≡ Sˆx ± iSˆy.
Generally, this mixing is at the foundation of many im-
portant effects influencing transport, such as, the quan-
tum tunneling of spin [39, 44], or the Berry-phase block-
ade [41–43].
Figure 3 illustrates how inclusion of the transverse
magnetic anisotropy (D 6= 0 and E 6= 0) affects the finite-
frequency conductance and the dynamical spin accumula-
tion in the case of the easy-axis (D > 0, left column) and
easy-plane (D < 0, right column) type of uniaxial mag-
netic anisotropy. Let us first focus on the case of D > 0.
The first noticeable difference, as compared with the case
of D > 0 and E = 0 [see Figs. 2(a)-(d)], is that one ob-
serves the revival of the Kondo effect for sufficiently low
frequencies. Such a restoration of transport occurs as a
consequence of the mixing caused by the second term of
Hamiltonian (3), because now each molecular spin state
effectively becomes a superposition of all possible OL
electronic spin and internal spin states [44]. This, in turn,
means that the spin exchange processes leading to tran-
sitions between the states of the ground state doublet are
permitted. Furthermore, for ω ≈ ωr a pronounced max-
imum in the dynamical conductance GAP(ω) is visible,
Fig. 3(a), and it stems from the dynamical spin accu-
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Figure 3. Analogous to Fig. 2 except that now also the ef-
fect of the transverse component of magnetic anisotropy E is
included for a selected value of uniaxial magnetic anisotropy
constant |D|/T 0K = 10−2. Here, the transverse constant E is
always assumed positive. Note that to enable an easy com-
parison with results in Fig. 2, the scales are kept identical
as in Fig. 2, and the finely dashed line representing the case
of E = 0 is added to serve as the reference line.
mulation GAP↑↓ (ω), which at this particular frequency ωr
exhibits a sharp resonance, as one can see in Fig. 3(c).
We also note that at ωr a kink develops in the conduc-
tance component diagonal in spin GAP↑↑ (ω), Fig. 3(b),
while spin polarization PAP (ω) exhibits a local maxi-
mum, Fig. 3(d).
The behavior of dynamical transport properties in the
presence of transverse component of magnetic anisotropy
can be understood by invoking the discussion in the pre-
vious section. Generally, one can again notice that the
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Figure 4. (a) Dependence of the position ωr of the resonance
in the conductance component off-diagonal in spin, Gσσ(ω),
on the transverse magnetic anisotropy constant E. For the
antiparallel (AP) magnetic configuration (squares) the data
point for E/D = 1/3 (marked by a finely dashed vertical line)
corresponds to the resonance indicated in Fig. 3(c) by the ar-
row. Note that for this magnetic configuration ωr is indepen-
dent of the spin polarization p, see Fig. 5(g), and that lines
connecting the data points serve as a guide for eyes. The data
points at E/D = 1/3 for the parallel (P) magnetic configura-
tion represent the position of relevant peaks in Fig. 7(g). (b)
Data points shown in (a) rescaled by ωr(E/D = 1/3) to high-
light the change of the slope occurring in the parallel magnetic
configuration. Here, D/T 0K = 10
−2 and other parameters as
in Fig. 3.
value of ωr coincides with the Kondo temperature, that
is, the dynamical spin accumulation exhibits a maximum
at ω = ωr ≈ TK. Such a feature arises for all nonzero
values of anisotropy E considered in the figure, and im-
portantly, the position of this feature depends strongly
on the transverse anisotropy component —small changes
in E lead to a large shift of the resonance frequency ωr.
This is directly related to a strong dependence of the
Kondo temperature on the model parameters and, in
particular, finite transverse anisotropy [44]. An explicit,
numerically determined dependence of TK on E can be
seen in Fig. 4, which illustrates how the position of the
resonance in the dynamical spin accumulation GAPσσ (ω)
evolves when the transverse anisotropy parameter E is
modified. Clearly, small changes in E result in large
modification of ωr and, thus, TK. From the slope of
the calculated curve, see squares in Fig. 4, we estimate
that ωr ∝ (E/D)−3. We also note that the position of
this curve is insensitive to the spin polarization p of elec-
trodes. Moreover, it can be observed in Fig. 3(c) that
the width of the peak in GAP↑↓ (ω) and PAP(ω) —plotted
on a logarithmic scale— hardly depends on E. One can
conclude, thus, that the width of the resonance in dy-
namical spin accumulation, which occurs at ωr ≈ TK, is
also approximately given by the Kondo temperature.
On the contrary, in the case of the uniaxial magnetic
anisotropy of the easy-plane type (D < 0), presented
in the right column of Fig. 3, the dynamical conduc-
tance GAP(ω) is modified more subtly. Now, one ob-
serves the well-developed Kondo effect [Figs. 3(e)-(f)] and
a pronounced maximum both in the dynamical spin ac-
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cumulation GAP↑↓ (ω) [Fig. 3(g)] and in the current spin
polarization PAP(ω) [Fig. 3(h)], already visible in the
absence of transverse component of magnetic anisotropy.
The increase of E results only in a small reduction of the
threshold frequency ω∗ at which GAP↑↓ (ω) starts building
up, and at which also the suppression of the Kondo ef-
fect takes place —in other words, the raise of E leads to
a slight decrease of the Kondo temperature. Moreover,
for larger E the maximum in GAP↑↓ (ω) gets broader and
eventually a small dip on the top of it develops. Inter-
estingly, at the frequency where this dip is observed, one
can also notice a local maximum in GAP↑↑ (ω), see Fig. 3(f).
C. Influence of the spin polarization of electrodes
In order to explore further the subtle interplay between
the Kondo effect and the dynamical spin accumulation,
here we consider the effect of spin polarization of elec-
trodes. For this purpose, in Fig. 5 and Fig. 6 we show
how the dynamical transport response of the system un-
der investigation changes for different values of the spin
polarization parameter p in the case of D > 0 (Fig. 5)
and D < 0 (Fig. 6), respectively. The left (right) column
in those figures corresponds to the case of zero (finite)
transverse magnetic anisotropy constant E.
Let us first consider the case of D > 0 shown in Fig. 5.
Generally, as expected for the Kondo effect, with the in-
crease of p the low-frequency conductance GAP(ω . ω∗),
that is, below the threshold frequency ω∗ for the dynam-
ical spin accumulation to kick in, becomes suppressed,
see Figs. 5(a,e). This behavior stems from the fact that
in electrodes characterized by a large degree of spin po-
larization, there is a great imbalance between the num-
bers of spin-majority and spin-minority electrons to be
involved in the spin exchange processes leading to the
Kondo effect. In consequence, the larger the imbalance
is, the less effective these processes become, and the more
the Kondo effect becomes suppressed. The dependence
of the zero-frequency conductance GAP(ω = 0) in the an-
tiparallel magnetic configuration on the spin polarization
p of electrodes is presented in the inset to Fig. 5(c) and
it can be described by a simple formula, GAP(ω = 0) ≡
GAP(ω = 0, p) = (1− p2)GAP(ω = 0, p = 0).
The situation changes qualitatively for frequen-
cies ω & ω∗, where the off-diagonal-in-spin component
of conductance GAP↑↓ (ω), Figs. 5(c,g), starts contributing
significantly, so that the dynamical spin accumulation
emerges as the dominant effect. Importantly, although
one can notice that GAP↑↓ (ω) does not vanish even when
the electrodes are non-magnetic (p = 0), no spin polar-
ization of the current is observed in such a case, that is,
PAP(ω) = 0, as one can see in Figs. 5(d,h). Moreover,
the behavior of the dynamical conductance GAP(ω) is
then primarily governed by its diagonal-in-spin compo-
nent GAP↑↑ (ω) —compare in Figs. 5 panels (a,e) with (b,f).
On the other hand, in the opposite limit of strongly spin-
polarized electrodes (p > 0.5), where GAP↑↑ (ω) gets pro-
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Figure 5. Evolution of the frequency-dependent conduc-
tance GAP(ω) in (a,e), its spin components GAP↑↑ (ω) in (b,f)
and GAP↑↓ (ω) in (c,g), as well as the current spin polariza-
tion PAP(ω) in (d,h) presented as a function of the spin-
polarization coefficient p of electrodes for D/T 0K = 10
−2 (the
uniaxial magnetic anisotropy of the easy-axis type). Left
(right) column corresponds to the case without (with) the
transverse component of the magnetic anisotropy included,
that is, for E = 0 (E = D/3). The inset in (c) presents the
dependence of the zero-frequency conductance GAP(ω = 0) on
the spin polarization p in the case of E = 0 and E/D = 1/3.
Other parameters are the same as in Fig. 2.
gressively suppressed for large p, the features associated
with the dynamical spin accumulation GAP↑↓ (ω) become in
fact increasingly visible in the total conductance GAP(ω)
within the entire range of frequencies ω —compare in
Figs. 5 panels (a,e) with (c,g). This observation illus-
trates the key generic difference between the response of
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Figure 6. Analogous to Fig. 5 except that here the case of the
uniaxial magnetic anisotropy of the easy-plane type (D/T 0K =
−10−2) is considered. Note that the dependence of the zero-
frequency dynamical conductance GAP(ω = 0) on p is the
same regardless of whether the transverse component of mag-
netic anisotropy is present or not, and it is given by the curve
for E/D = 1/3 shown in the inset to Fig. 5(c).
the Kondo effect and the dynamical spin accumulation
to a large spin polarization of electrodes. Specifically,
unlike the Kondo effect, the dynamical spin accumula-
tion is augmented with the increase of p. This is a direct
consequence of the fact that GAP↑↓ (ω) is associated with
majority spin bands of both leads, while the diagonal-in-
spin components GAPσσ (ω) depend on both majority and
minority spin bands.
In addition, one can note that while the low (ω  ω∗)
and high-frequency (ω  ω∗) behavior of the dynamical
conductance and its spin-resolved contributions is qual-
itatively similar in the case of E = 0 and finite E, huge
differences occur when ω ≈ ω∗. For E = 0, the dynamical
spin accumulation starts growing for ω & ω∗ to reach a
plateau, whereas for finite E, GAP↑↓ (ω) increases to form a
strong maximum, the height of which grows with increas-
ing p. To understand this difference let us recall that in
the absence of transverse magnetic anisotropy the Kondo
effect develops only partially. This implies that dynam-
ical spin accumulation has a moderate, relatively wide
in frequencies, maximum. On the other hand, for finite
transverse magnetic anisotropy the Kondo resonance can
fully develop with a clear sharp maximum in dynamical
spin accumulation at ωr ≈ TK, which becomes greatly en-
hanced with increasing spin polarization p. In fact, in the
limit of half-metallic leads (p = 1), the dynamical con-
ductance would be exclusively due to the effect of dynam-
ical spin accumulation, that is, GAP(ω) =
∑
σ G
AP
σσ (ω).
We also note that while the spin-resolved components
of the frequency-dependent conductance strongly depend
on p, the characteristic energy scales, ω∗, TK and conse-
quently ωr, hardly do so, see Fig. 5.
The above discussion is also relevant to the case of
easy-plane type of magnetic anisotropy (D < 0), which
is shown in Fig. 6. With raising the spin polarization,
the diagonal-in-spin components of the dynamical con-
ductance become suppressed [Figs. 6(b,f)], while the off-
diagonal component GAP↑↓ (ω) increases [Figs. 6(c,g)], and
for sufficiently large p gives a dominant contribution to
the total conductance. In such a situation, the interplay
of these two contributions results in a non-monotonic fre-
quency dependence of GAP(ω), see Figs. 6(a,e), which
exhibits a local maximum due to dynamical spin ac-
cumulation. Similar to the case of easy-axis magnetic
anisotropy presented in Fig. 5, large spin polarization p
of the leads induces large spin polarization of the cur-
rent, see Figs. 6(d,h). As far as the effects related to the
transverse component of magnetic anisotropy are con-
cerned, finite E results mainly in quantitative changes in
the dynamical response of the system, cf. the left and
right column of Fig. 6, manifesting as a small reduction
of the Kondo temperature and, consequently, the energy
scale ω∗. However, a qualitative difference can be still
observed in the dynamical spin accumulation, which in
the case of E = |D|/3 exhibits a small dip at intermediate
frequencies, see Fig. 6(g) for ω/T 0K ≈ 10−2.
D. Parallel magnetic configuration of the junction
Up to this point, the discussion has been concentrated
on the situation of the junction in the antiparallel mag-
netic configuration, which allowed us to exclude from the
picture some subtle effects due to the spintronic effective
exchange fields. To acquire a complete understanding of
how the magnetic configuration of the junction affects
the process of dynamical spin accumulation, we now also
consider the parallel magnetic configuration of the junc-
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Figure 7. Analogous to Fig. 5 but now the parallel (P)
magnetic configuration of the junction is shown. Note that at
present GP↑↓(ω) = G
P
↓↑(ω), and thus, Pdsa(ω) = 0, so that the
current spin polarization occurs only due to the diagonal-in-
spin terms GP↑↑(ω) 6= GP↓↓(ω), that is, PP(ω) ≡ PP0 (ω). Note
that although, for the sake of consistency, we plot here the
same set of p values as in previous figures, the frequency range
has been extended here to include lower values of ω. More-
over, the long-dashed line is identical to that in Fig. 5 and
it serves as the reference line. Recall that D/T 0K = 10
−2 and
the other parameters are the same as in Fig. 2.
tion.
For this purpose, we present in Figs. 7 and 8 how the
dynamical transport characteristics of the system depend
on the spin polarization p of electrodes for the parallel
magnetic configuration. To begin with, let us first focus
on the case of the easy-axis type of uniaxial magnetic
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Figure 8. Analogous to Fig. 7 except that here the case of the
uniaxial magnetic anisotropy of the easy-plane type (D/T 0K =
−10−2) is considered. The other parameters are the same as
in Fig. 2.
anisotropy (D > 0) shown in Fig. 7. One can see that
if only the uniaxial component of magnetic anisotropy
is present the dynamical conductance GP(ω) does not
differ qualitatively from the antiparallel case, compare
Fig. 7(a) with Fig. 5(a). Nevertheless, two key quan-
titative differences can be spotted immediately: First,
the different values of conductance in the zero-frequency
limit, GAP(ω = 0) > GP(ω = 0) for 0 < p . 0.85 [com-
pare the insets in Fig. 5(c) and Fig. 7(c)], and second,
the behavior of the resonance around the threshold fre-
quency ω∗ which marks the onset of the dynamical spin
accumulation, as discussed in Sec. IV B 1. Specifically,
with the increase of the spin polarization p of electrodes
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this resonance becomes shifted towards larger frequencies
and its magnitude gets attenuated.
The origin of the suppression of GP(ω = 0) and the
shift can be explained by taking into account the fact
that in the present configuration the spintronic ef-
fective exchange fields can arise. Since we consider
that the molecule is tuned to the particle-hole symme-
try point (ε/U = −0.5), one expects actually only the
quadrupolar field [68], which essentially provides an addi-
tional uniaxial contribution −Ds
(
Sˆz+sˆz
)2
(with Ds > 0)
to the magnetic anisotropy Hamiltonian (3). As a result,
the energy separation ∆ ∝ D +Ds between the states
participating in transport, that is, the ground state dou-
blet and first excited doublet in the S + 1/2 spin multi-
plet, increases. This, in turn, translates into the larger
threshold frequency ω∗D>0 and also means that the spin
exchange processes leading to the Kondo effect at low
frequencies are more subdued, as compared with the an-
tiparallel case where Ds = 0.
On the other hand, the suppression of the features oc-
curring for ω & ω∗ has its roots in the response of the
dynamical spin accumulation GP↑↓(ω) to increasing p, see
Fig. 7(c). Importantly, this response is strikingly dif-
ferent from that for the antiparallel magnetic configu-
ration in Fig. 5(c). First of all, it should be noted
that now one finds GP↑↓(ω) = G
P
↓↑(ω), which straightfor-
wardly leads to the conclusion that the dynamical spin
accumulation does not contribute to the spin polariza-
tion of the current, PPdsa(ω) = 0. In fact, the current
spin polarization PP(ω) shown in Fig. 7(d) is exclusively
due to the difference between the diagonal-in-spin com-
ponents GP↑↑(ω) and G
P
↓↓(ω), that is, PP(ω) ≡ PP0 (ω).
Moreover, the intensity of GP↑↓(ω) is significantly reduced
with respect to GAP↑↓ (ω), and it exhibits the opposite be-
havior with the increase of p, namely, in the parallel mag-
netic configuration the dynamical spin accumulation is
diminished for large p. This behavior can be understood
by realizing that in the antiparallel configuration the
off-diagonal conductance GAP↑↓ (ω) is associated with the
majority-spin subbands of both leads. Consequently, in-
creasing the spin polarization results in an enhancement
of dynamical spin accumulation. On the other hand, in
the parallel configuration, the off-diagonal components
depend on both majority and minority spin subbands of
both leads, such that the minority spin channel provides
a bottleneck for GP↑↓(ω). Consequently, in the parallel
magnetic configuration the effect of dynamical spin accu-
mulation becomes suppressed with increasing p, contrary
to the case of antiparallel configuration. Note also that in
the limit of half-metallic leads (p→ 1), GP↑↓(ω) would be
fully suppressed and the total conductance would be ex-
clusively given by the majority spin diagonal component
of the conductance, while in the antiparallel configura-
tion all components would disappear, except for GAP↑↓ (ω),
namely, the total conductance would be only due to the
dynamical spin accumulation.
Let us now take the transverse component of mag-
netic anisotropy into consideration, see the right column
of Fig. 7. Comparing with the case of the antiparallel
magnetic configuration shown in Fig. 5(e), one observes
in Fig. 7(e) that the suppression of the Kondo effect oc-
curring for large p proceeds now in a qualitatively differ-
ent manner. With the increase of the spin polarization,
the Kondo temperature TK initially decreases whereas
the zero-frequency conductanceGP(ω = 0) = G0 remains
unaffected, and only above some threshold value of p
also GP(ω = 0) becomes diminished —for a detailed evo-
lution of GP(ω = 0) as a function of p see the inset in
Fig. 7(c). In consequence, as long as the Kondo effect
dominates transport, the current injected into the right
electrode does not display the spin polarization, that is,
PP(ω) = 0 for ω . TK, see Fig. 7(h). Furthermore, we
notice that in the large frequency regime ω & ω∗, the
transport features due to the dynamical spin accumu-
lation behave identically to those discussed in the sit-
uation without the transverse component of magnetic
anisotropy. On the other hand, in the opposite limit it
can be seen that, unlike for the antiparallel configuration,
the resonance arising in GP↑↓(ω) shifts its position ωr to-
wards smaller frequencies when p becomes larger. This
results from the dependence of the Kondo temperature
on p, which decreases as p raises.
The explicit dependence of ωr on the transverse mag-
netic anisotropy is presented in Fig. 4 for a couple of
selected values of spin polarization. It can be clearly
seen that the resonance frequency, and, thus, also the
Kondo temperature, strongly depends now both on the
value of E and the spin polarization p. Interestingly, the
slope of the dependence of ωr on E/D differs slightly
from the case of antiparallel configuration, and it is also
sensitive to a change of p, see Fig. 4(b). Note that the
data points (squares) in Fig. 4 corresponding to the an-
tiparallel magnetic configuration are actually valid also
for the nonmagnetic junction (p = 0). One can see that
with increasing p, the dependence of the Kondo tem-
perature on E becomes sharper. Moreover, because the
Kondo temperature greatly depends on spin polarization,
for p & 0.75, the Kondo effect actually develops at ex-
tremely small energy scales, which are completely not
relevant from the experimental point of view.
The behavior of dynamical system’s response changes
if one considers the uniaxial magnetic anisotropy of the
easy-plane type (D < 0), see Fig. 8. It can be seen that
in such a case, already without the transverse compo-
nent of magnetic anisotropy, a significant qualitative dif-
ference in evolution of the dynamical conductance as a
function of p arises between the antiparallel (left column
in Fig. 6) and parallel (left column in Fig. 8) magnetic
configuration of the junction. One can notice that, unlike
for the antiparallel case, the transition between the highly
conducting state for small p and the weakly conducting
state for large p occurring for ω . ω∗ is rather abrupt.
Furthermore, also when including the transverse com-
ponent of magnetic anisotropy (right column in Fig. 8),
this transition proceeds in a qualitatively different man-
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Figure 9. Evolution of the dynamical conductance GP(ω) and its off-diagonal-in-spin component GP↑↓(ω) as functions of the
spin polarization p of electrodes for the uniaxial magnetic anisotropy of the easy-plane type (D/T 0K = −10−2). Left panels [(a)-
(d)] correspond to the case without the transverse component of magnetic anisotropy (E = 0), whereas right panels [(e)-(f)] to
the case when the transverse component is included (E/|D| = 1/3). Bottom row presents cross-sections of the respective map
plots in the top row for chosen values of frequencies ω marked in (a), with the solid line standing for the zero-frequency limit.
The other parameters are the same as in Fig. 2.
ner as compared to the antiparallel case (right column
in Fig. 6). Importantly, it can be observed that above
some threshold value of p the dynamical spin accumula-
tion GP↑↓(ω) shown in Fig. 8(g) changes its character and
it develops a resonance typical to the easy-axis type of
uniaxial magnetic anisotropy, see Fig. 7(g).
It is worth noting that the difference in the behavior
of the dynamical conductance observed in the parallel
and antiparallel magnetic configurations on the value of
the spin polarization of electrodes has its origin in com-
pletely different mechanisms governing the suppression
of the Kondo effect. In the case of antiparallel config-
uration, the system behaves effectively as if coupled to
nonmagnetic leads and the effect of spin polarization en-
ters only through the prefactors in appropriate formu-
las. In the parallel configuration, on the other hand,
the effective couplings do depend on spin, which results
in nontrivial spin-resolved molecule-bath renormalization
effects that give rise to finite local exchange fields. As a
consequence, the interplay between the degree of spin
polarization, which conditions the strength of exchange
fields, and the electronic correlations driving the Kondo
effect, gives rise to large qualitative differences, as com-
pared to the case of antiparallel configuration.
In order to gain a better insight into how the dynam-
ical conductance evolves with increasing the spin po-
larization p, in Fig. 9 we analyze in detail the depen-
dence of the total dynamical conductance GP(ω) and
its off-diagonal-in-spin component GP↑↓(ω) on p. Indeed,
we find for E = 0 [Figs. 9(a)-(d)] that in the paral-
lel magnetic configuration the transport response of the
system is very sensitive to the change of p, with the
suppression of the Kondo effect taking place suddenly
at p0 ≈ 0.5 [Fig. 9(a)] and the value of GP(ω) altering
for p > p0 only slightly, see the relevant cross-sections
given by the dashed lines in Fig. 9(c). As discussed above,
the dynamical spin accumulation [Fig. 9(b)] arises only
for ω & ω∗, but at present the threshold energy ω∗ de-
pends on p non-monotonically. Namely, it first decreases
as p grows, while above p0 the opposite trend is visible,
and GP↑↓(ω) becomes quickly attenuated. In the left col-
umn of Fig. 10 we present how the total dynamical con-
ductance GP(ω) [Fig. 10(a)] and its off-diagonal-in-spin
component GP↑↓(ω) [Fig. 10(b)] vary in p around p0. One
can see that, in fact, GP(ω) does not change smoothly
during the transition between p . p0 and p & p0 and two
characteristic features arise —also two pronounced peaks
are visible in GP↑↓(ω). Again, such a behavior can be at-
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cies ω and resolved around the features marked by the arrow
in Fig. 9(a) [(e)].
tributed to the presence of the spintronic component Ds
of magnetic anisotropy. Specifically, recall that unlike the
intrinsic uniaxial component D, which only affects the
spin Sˆz of the molecular magnetic core [see Eq. (3)], the
spintronic component Ds has the effect on the total spin
of the molecule, Sˆz + sˆz. Importantly, it leads to such a
situation that different doublets within the S + 1/2 spin
multiplet effectively respond in a somewhat dissimilar
way to varying of p. Since Ds > 0, with the increase of p
the effect of intrinsic uniaxial anisotropy (D < 0) gets re-
duced, the system undergoes a transition from the ground
state doublet |Stotz = ±1/2〉 for small p to |Stotz = ±5/2〉
for large p. This transition, however, is not direct
and it proceeds via the doublet |Stotz = ±3/2〉, namely:
The first (left one) of two additional features visible in
Figs. 10(a)-(b) appears when the doublets |Stotz = ±1/2〉
and |Stotz = ±3/2〉 are degenerate, and the latter doublet
becomes the new ground state. With the further increase
of p, at some other critical value p this doublet becomes
eventually degenerate with |Stotz = ±5/2〉, which results
in formation of the right feature in Figs. 10(a)-(b). For
even larger p, the spintronic component Ds starts dom-
inating over the intrinsic one D and the dynamical spin
accumulation GP↑↓(ω) displays characteristics of the uni-
axial magnetic anisotropy of the easy-axis type, compare
also Fig. 8(c) with Fig. 7(c). Moreover, since in this limit
the ground state is |Stotz = ±5/2〉, a significant suppres-
sion of the dynamical spin accumulation occurs.
We note that the range of spin polarization values ∆p,
for which this transition occurs, is conditioned by the in-
terplay of the quadrupolar exchange field and the Kondo
temperature. More specifically, the Kondo effect be-
comes approximately suppressed once D +Ds & TK. As
can be seen in Fig. 9(a) for p < p0, the Kondo temper-
ature is of the order of TK/T
0
K ≈ 10−3. On the other
hand, the dependence of Ds on the spin polarization
can be approximated by Ds ∝ Γ2p2/U [68]. This implies
that ∆p ≈ √TKU/Γ ≈ 0.02, which agrees reasonably well
with the numerical data shown in Fig. 10(a).
The effect of the spintronic component of magnetic
anisotropy is even more pronounced if the molecule ex-
hibits also the intrinsic transverse component of mag-
netic anisotropy (E 6= 0). The corresponding dynamical
transport quantities for this case are shown in Figs. 9(e)-
(h). First of all, the presence of non-zero E results in
persistence of the Kondo effect to large values of p, as
compared to the case of E = 0 discussed above. One can
see that larger values of spin polarization are needed to
suppress the Kondo peak in GP(ω). One can also observe
that for p > p0 the dynamical spin accumulation G
P
↑↓(ω)
[shown in Fig. 9(f)] displays a pronounced maximum
for frequencies corresponding to the Kondo temperature.
This resonance is a clear signature of the effective uni-
axial magnetic anisotropy of the easy-axis type, as dis-
cussed in Sec. IV B 2 [see especially Fig. 3(c)]. More-
over, analogously to the case of E = 0 [see Figs. 10(a)-
(b)], GP↑↓(ω) is characterized by two maxima at p ≈ 0.39
and p ≈ 0.44, which translate into a non-monotonic de-
pendence of GP(ω) on the spin polarization at low fre-
quencies ω, see Figs. 9(e,g) and also the magnification
of the relevant range of p in Figs. 10(c)-(d). Noticeably,
these features are a pure dynamical effect and they dis-
appear in the zero-frequency limit, as illustrated by the
solid line in Figs. 9(g,h). The occurrence of these two
maxima can be understood by invoking exactly the same
arguments as those used above to explain the origin of
the two resonances in GP↑↓(ω) for E = 0. The only dif-
ference is associated with the increased separation of the
two present resonances. It occurs as a result of mod-
ification of states and energies of the molecule due to
the presence of the transverse (second) term in Hamilto-
nian (3), which are further renormalized non-trivially by
spin-dependent electron tunneling processes.
E. Antiferromagnetic coupling between the OL and
the magnetic core
Finally, in this section we discuss the main results in
the case when the coupling between the molecule’s mag-
netic core and the orbital level is of the antiferromag-
netic (AFM) type (J < 0). For this purpose, in Fig. 11
we show the frequency-dependent transport coefficients
in the antiparallel configuration calculated for uniaxial
magnetic anisotropy of the easy-axis type (D > 0) when
the transverse component of magnetic anisotropy is ab-
sent (E = 0, left column) and finite (E 6= 0, right col-
umn), respectively.
16
0
0.2
0.4
0.6
0.8
0
0.1
0.2
0.3
0.4
0
0.1
0.2
0.3
0
0.2
0.4
0.6
0.8
10−810−610−410−2 100 10−810−610−410−2 100
C
on
du
ct
an
ce
G
A
P
(ω
)/
G
0
QD
|D|/T 0K = 0
|D|/T 0K = 10−4
|D|/T 0K = 10−2
|D|/T 0K = 0.5
(a)
Uniaxial magnetic anisotropy of easy-axis type (D > 0)
Without transverse
anisotropy (E/D = 0)
E/D = 0
E/D = 1/5
E/D = 1/3
(e)
With transverse
anisotropy (E/D = 1/3)
G
A
P
↑↑
(ω
)/
G
0
(b) (f)
G
A
P
↑↓
(ω
)/
G
0
(c) (g)
S
pi
n
po
la
riz
at
io
n
PA
P
(ω
)
Frequency ω/T 0K
(d)
Frequency ω/T 0K
(h)
Figure 11. The effect of magnetic anisotropy on the fre-
quency-dependent conductance of a large-spin magnetic
molecule shown for the AFM J-coupling (J/T 0K = −2.25) and
the junction in the antiparallel (AP) magnetic configura-
tion. Note that only the uniaxial magnetic anisotropy of
the easy-axis plane (D > 0) is presented. Left column [(a)-
(d)] corresponds to the molecule exhibiting exclusively the
uniaxial component of magnetic anisotropy (E = 0), whereas
right column [(e)-(h)] shows the effect of the transverse com-
ponent for D/T 0K = 10
−2. All other parameters are the same
as in Fig. 2.
We recall that a spin-isotropic molecule (D = 0) with
the AFM J-coupling generically exhibits the two-stage
Kondo effect, so that for frequencies ω smaller than the
energy scale characteristic of the second stage of screen-
ing T ∗K, ω . TK, the value of conductance is expected
to drop significantly, see the solid line in the left column
of Fig. 11. Such a suppression of conductance GAP(ω)
[Fig. 11(a)], and also of the dynamical spin accumula-
tion GAPσσ (ω) [Fig. 11(c)], is a direct consequence of the
AFM coupling between the spin of an electron in the or-
bital level and the molecule’s core spin. This coupling
surpasses the AFM interaction between the OL’s spin
and spins of conduction electrons that gives rise to the
Kondo resonance. Note that for the assumed value of
exchange coupling J , the temperature T ∗K is relatively
high, so that the conductance only slightly increases with
lowering ω due to the first-stage Kondo effect and then
immediately drops down, which results in relatively low
maximum around ω ≈ TK.
Adding the uniaxial component of magnetic anisotropy
does not affect significantly the low-frequency results, as
the dynamical conductance and its spin-resolved compo-
nents are suppressed already for ω . TK, since T ∗K and TK
are in fact of a similar order. Moreover, similarly as
in the case of the FM J-coupling, see Figs. 2(a)-(d), a
threshold frequency ω∗ arises above which the dynami-
cal spin accumulation GAPσσ (ω) is observed, as shown in
Fig. 11(c). Even though the low-frequency transport is
at present substantially reduced, the values of the spin
polarization of the current injected into a drain electrode
achieved for ω > ω∗ can be still quite large and become
suppressed with increasing D, see Fig. 11(d).
When the molecule also possesses transverse compo-
nent of magnetic anisotropy, the second stage of Kondo
screening can become suppressed. This is seen in
Figs. 11(e)-(f) where finite E restores the Kondo peak
at low frequencies. As expected, since now a pronounced
Kondo resonance is established for ω . TK, the dynami-
cal spin accumulation exhibits a maximum with its height
being of the same order as in the quantum dot case, see
Fig. 11(g). A maximum at the same frequency is also
observed in the spin polarization [Fig. 11(h)].
Finally, we note that for the uniaxial magnetic
anisotropy of the easy-plane type (D < 0), and also when
the magnetic configuration of the device is parallel, one
finds a qualitatively similar behavior to the case of ferro-
magnetic exchange interaction discussed in previous sec-
tions. However, due to the dominance of the second-stage
Kondo effect the transport is generally suppressed.
V. CONCLUSIONS
In this paper we have analyzed the dynamical trans-
port properties of magnetic molecules coupled to ferro-
magnetic electrodes in the Kondo regime. The molecule
was modeled by a LUMO level, directly coupled to ex-
ternal leads and additionally coupled through a ferro-
magnetic exchange interaction to the core spin of the
molecule. We have focused on the effect of dynami-
cal spin accumulation, which can be associated with the
off-diagonal-in-spin component of the dynamical conduc-
tance. We have in particular addressed the question of
how the dynamical spin accumulation becomes affected
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by the presence of uniaxial, either of easy plane or easy
axis type, and transverse anisotropy of the molecule. Our
considerations have been performed in the linear response
regime by using the Kubo formula, while all the dynam-
ical response functions were determined by using the nu-
merical renormalization group method.
We have generally shown that, in the case of antipar-
allel magnetic configuration of the device, the dynam-
ical spin accumulation can develop for frequencies cor-
responding to the energy scale responsible for the for-
mation of the Kondo effect, since then the spin-exchange
processes are most effective. A local maximum in Gσσ(ω)
thus develops for resonant frequency ωr, which is of the
order of TK. The width of this local maximum depends
in turn on the energy scale where the Kondo state is
formed. Consequently, while for spin isotropic molecules
dynamical spin accumulation exhibits a broad maximum,
in the presence of magnetic anisotropy the width of this
maximum becomes reduced. Another important energy
scale describing the behavior of the dynamical spin accu-
mulation denoted by ω∗ corresponds to the frequency be-
low which the conductance reaches a plateau. Then, the
spin-flip processes become quenched, such that Gσσ(ω)
vanishes. On the other hand, the height of the maxi-
mum in dynamical spin accumulation turned out to de-
pend strongly on the magnitude of the Kondo effect. We
have shown that if the Kondo resonance develops fully
for ω < TK, the spin accumulation exhibits a local max-
imum, the height of which is of the same order as in
the case of quantum dots. However, when due to the
presence of magnetic anisotropy the Kondo effect cannot
fully emerge, the effect of dynamical spin accumulation
correspondingly becomes reduced.
When the junction is in the parallel magnetic config-
uration, the situation drastically changes, since then the
spin-resolved renormalization of the molecule comes into
play. As a result, dynamical transport properties, and
also the dynamical spin accumulation, are conditioned
by the interplay of the quadrupolar exchange field and
Kondo correlations. For the out-of-plane type of mag-
netic anisotropy we have predicted a large dynamical
spin accumulation if the transverse anisotropy is present.
On the other hand, for the easy plane type of magnetic
anisotropy, we have shown that, with increasing the spin
polarization of the leads, there is a transition from a spin
doublet to higher-spin state, which results in a suppres-
sion of the Kondo resonance. Interestingly, the suppres-
sion of the low-frequency conductance occurs in a non-
monotonic fashion, which is an indication of a highly non-
trivial competition between the intrinsic and spintronic
contributions to the magnetic anisotropy of the molecule.
In addition, we have also performed the analysis as-
suming that the exchange coupling between the orbital
level and magnetic core is of antiferromagnetic type.
Then, in the absence of magnetic anisotropy and for
nonmagnetic leads, the system exhibits two-stage Kondo
effect. We have shown that finite magnetic anisotropy
of the molecule leads to the suppression of both the
frequency-dependent conductance and the effect of dy-
namical spin accumulation.
Finally, we recall that all the considerations presented
in this paper were performed for the particle-hole symme-
try point of the model. However, it is worth emphasizing
that the results discussed in the case of the antiparal-
lel magnetic configuration are qualitatively valid also out
of the particle-hole symmetry point, provided the sys-
tem is in the Kondo regime (the orbital level is singly
occupied). On the contrary, in the case of the paral-
lel magnetic configuration, detuning from the symmetry
point results in a development of the effective dipolar ex-
change field. Because this field acts in a similar fashion to
external magnetic field and splits the orbital level, most
of the presented effects will become suppressed once the
magnitude of exchange field surpasses the relevant energy
scales for considered phenomena. Last but not least, we
want to notice that, since the position of the orbital level
can be tuned by a gate voltage, the effects predicted in
this paper can be tested in near future with present-day
experimental techniques.
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